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PRINCIPLES OP DESIGN OF A SOLAR HEATED HOUSE
Alex Stefanovic
The Ohio Edison Company
Akron, Ohio

Chaman Kashkari
The University of Akron
Akron, Ohio

Abstract
This paper explains the principles of design of a solar heating system
for a house in Akron, Ohio area. The house is a standard one family,
two story house, such as Ryan Home's Brockington model. It has,
approximately, 2,000 square feet of living area, a full basement, and
an attached two car garage. The solar heating system is designed to
provide as much of the heating needs as is economically feasible.
I.

INTRODUCTION

During the last few years, solar energy has
received considerable interest throughout the
country. In 1976, the question was raised by
some students - whether solar energy homes
were feasible in the Akron, Ohio area? It was
decided to make a feasibility study and the
paper is based on the results of that study.
2.

HOUSE HEATING NEEDS

The first step in designing any heating system
is to calculate the amount of heat needed to
Maintain a desired indoor temperature for the
lowest commonly encountered outside tempera
ture. For most people, 72°F is a comfortable
inside temperature. The outdoor temperature
rarely falls below -10°F in the Akron area.
Thus, for Ohio, the heating system must be
capable of maintaining an 82 °F temperature
difference. The next step is to determine
the heat loss of the house. Heat will be
lost by conduction at any surface where a
temperature difference exists. The higher
ihe insulation value of a surface (R-factor),
(see Appendix), the less heat will be lost
through it. Also, the greater the tempera
ture difference across the surface, the
More heat will be lost. Heat loss also
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occurs because of infiltration. Infiltration
is the changing of air because of open doors,
exhaust fans, cracks and other openings. The
heat loss here is proportional to the volume
of changing air, and the difference in
temperature.
3.

HEAT LOSS CALCULATION

To calculate the conduction heat loss of a
house, determine the total area of surfaces
such as walls, windows, doors, ceilings, and
floors. Determine the R-factor for each type
of surface. Some R-factors are listed below:
Surface
Walls
Ceiling (attic floor)
1 Pane glass
2 Pane glass
Doors
Basement walls
Basement floor

R-Factor
3+ insulation R-factor
1H+ insulation R-factor

.88

1.67
1
12.5 (use AT = 25°F)
20
(use AT = 15°F)

The conduction heat loss in Btu/hr =
ar!aP
(Sg'ft,) x temp,
R-Factor
r difference At in °F.
To calculate the infiltration heat loss,
determine the volume of the house in cubic
feet.

For 3/4 air change/hour, the heat loss in Btu/
hr can be shown to be (volume in cubic feet) x
.0132 x AT in °F. The total heat loss is the
sum of the conduction losses and the infiltra
tion loss.
3.1

ion inhibitors and antifreeze solutions
are used. Because the large quantity of
antifreeze solutions needed for protect
ing storage is prohibitively expensive,
a heat exchanger and an additional pump
must then be provided.
Cost and thermal
loss penalties are thus incurred with
the liquid system.

EXAMPLE

The following example is for the Ryan home
described earlier. The areas are taken from
the floor plan - Figure 1. The insulation
used is R-ll for the walls and R-19 for the
attic.

(2)

Corrosion may be a significant problem
with the liquid system, particularly if
aluminum absorbers are used. Inhibitors
may be added to the water, but periodic
analysis and adjustment of concentra
tions are needed. Physical contact of
dissimilar metals should be eliminated if
aluminum is present. Filtration and re
moval of heavy metal ions may also be
necessary. Corrosively inert fluids are
available but may have inferior thermal
properties and/or high cost disadvantages.

(3)

A third problem avoided by the use of an
air system is water damage to building
and contents in case of leakage. Many
connections and fittings in collectors
and other components are potential leak
age points. In liquid system, the cost
of accidental leaks can be much larger
than in air systems.

(4)

Over 80% of the homes in the United States
are heated by forced air, with the conse
quence that homeowners, contractors and
tradesmen are familiar with air duct
systems.

4.1

THE COLLECTOR

CONDUCTION:
Surface

Area
ft 2
1640
203
42

Wall
Windows
Sliding Glass
door
Doors
35
Ceiling
1008
Basement walls 1036
Basement floor 1008

R-Value
14.00
1.67
.88
1.00
20.50
12.50
20.00
Total

Heat Loss
Btu/hr
9,605
9,968
3,913
2,870
4,032
2,072
756
33,216

INFILTRATION: (15,120 ft 3) (.0132) (82°F) ;
16,400 where 15,120 f t 3 is the volume of
the house.
Total heat loss 33,216 + 16,400 = 50,000
Btu/hr.
This calculation shows that the heating sys
tem for this house must have an output
rating of 50,000 Btu/hr. This corresponds to
a 14.6 kW electric furnace or a 62,500 Btu
gas, oil, or propane furnace.
4.

THE SYSTEM

Solar heating systems consist of a collector
to absorb solar energy, a storage facility,
and a transporting medium. The two basic
types of systems use water or air as the tran
sporting medium.
The air type system will
be used for the following reasons:
(1)

While air has less desirable heat trans
fer and heat capacity characteristics
than water, there are several distinct
advantages in a solar air heating system.
First, there is no danger of freezing the
collector fluid or storage fluid. Auto
matic drainage of solar water heaters is
susceptible to failure and increases the
corrosion potential, consequently corros
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The collector is of the flat plate type, ei
ther purchased as a unit or constructed on the
site. The storage consists of egg-sized rocks
in an insulated enclosure. The storage bin is
a concrete block with 2" of polystyrene insu
lation. This enclosure also contains a water
tank used as a pre-heater for the domestic h
water supply. The auxiliary heater is a 50,00®
Btu/hr output oil furnace. An illustration of
the system is shown in Fig. 2. Air is forced
out through the bottom of the rock storage in'
to the bottom of the collector, out the top
collector into the top of the rock storage.
The dampers open whenever the blower operates-

The blower operates only when the temperature
three-quarters of the way up the rock storage
is less than 180°F, and when the input stor
age duct air is at least five degrees warmer
than the output duct air.
The flat plate collectors can be constructed
directly into the roof rafters (see Figure 3).
The glass is 1/8 inch tempered, and the sheet
metal is 20 gauge. The glass is held in
place with glass tacks and glazing compound
or wood strips. The sheet metal is fastened
to the rafter with insulating strips. The
main ducts are 20 inch diameter round, with
1/2 inch insulation or an equivalent rectangu
lar shape.
4.2

THE AUXILIARY FURNACE

The auxiliary furnace is installed with the
rock storage in series with it on the return
air duct. The return air from the house
enters the bottom of the rock storage and
exits at the top. This preheated air then
passes through the furnace and into the house
supply ducts. The thermostat in the house
turns the furnace blower on and off to main
tain the desired temperature. The air
dampers in this duct system are open only
when the furnace blower operates.
If the air
from the rock storage is below 90°F, the fur
nace burners operate to supply the needed
heat.
4.3

DOMESTIC HOT WATER

The system is also used to provide domestic
hot water. A 300 gallon metal water tank is
connected in the rock storage bed. The cold
water supply enters the bottom of the tank
and exits at the top of the tank. This pre
heated water is then piped into the hot water
heater where it is heated to a higher temper
ature, if necessary. This water system re
quires no additional controls.
5.

DESIGN CRITERIA

The size and tilt of the collector and the
Size of the rock storage bed depend on the
80lar insolation, climate, and architectural
design of the house. The average solar inso
lation in the Akron area is 750 Btu/ft2/day,
for the winter months of November through
April, and 1660 Btu/ft2/day for the summer
633

months of May through October. These values
are for a horizontal surface. Weather data
for the Akron area was collected from meteor
ological department.
The ideal collector angle for the Akron area
is 51°. However, this angle can be changed by
10° without affecting the collector perform
ance. The pollution in the area causes the
solar radiation to be more diffuse in nature,
which indicates the use of a more shallow
collector angle. Snow, on the other hand, re
flects the radiation indicating a steeper col
lector angle. The influencing factor, then,
is the architectural design of the house. A
house with a roof much steeper than 45° would
not be architecturally pleasing. For the
Ryan home described earlier, a roof angle of
45° was chosen.
The collector area should be enough to pro
vide heat for an average winter day. The av
erage January temperature in the Akron area
is 27°F. This amounts to a temperature dif
ference of 45°F. The average winter insola
tion at 45° in winter is 1200 Btu/ft2/day.
Because the amount of heat required to main
tain a temperature difference is proportional
to the temperature difference, the daily re
quirement is 50,000 Btu/hr x 24 hr x
which is 658,000 Btu per day. The collectorstorage system has an efficiency of about 50%
at standard operating conditions. The col
lector area required equals
or about
oUU
1100 square feet. The roof area at 45°,
however, is limited to about 900 square feet.
As a result, the collector area is 900 square
feet, 600 square feet over the house, and 300
square feet over the garage.
The 50% collector-storage efficiency requires
2 CFM (cubic ft/minute) for each square foot
of collector area; thus, the air movement
through the rock storage is 1800 CFM. The air
passage through each of the 16 - 19' x 2'
collectors over the house is 76 CFM, and
through each of the 9 - 15' x 2' collectors
over the garage, 60 CFM. A larger flow rate
would increase the efficiency slightly, but
would require additional energy for the
blower.

The rock storage bed is relatively cheap to
build, and the basement space it uses is also
inexpensive.
Thus, it is practical to make
the storage bed as large as can be used. Three
winter days' worth of heat is all the collec
tor could put into storage during a few sunny
days. The storage capability of egg-sized
rock (1/3 void) is 23 Btu/ft3/°F. For three
days at a 40° temperature difference, the heat
storage would be 50,000 x 24 x 3 x ^ = 1.756
6
82
x 10 Btu.
The storage bin will operate over
a range of about 85°F. Thus, volume required
in cubic feet =
900 cubic feet.
This amounts to an area of 12' x 12' x 6.6 ft.
high.
6.

SYSTEM ANALYSIS

The amount of solar energy used is determined
by listing the heating requirements, and the
total available solar heat for each month. The
available solar energy for December, January
and February is reduced by 25% because of the
extensive cloudiness. The total solar energy
used, then, is the sum of the lower value of
these two quantities for each month. The data
for an average year is shown in Table 1.
It
is seen from the table that
Total requirement = 118,323,000 Btu
Solar heat = 96,523,000 Btu

not require roofing materials and shingles.
The tempered glass costs about $1.50 per
square foot, or $3 per square foot of collec
tor. The glass installation cost is about
$1 per square foot of collector area. The
sheet metal and collector air duct costs
$2.50 installed. Allowing 10% for breakage,
the collector system cost then is $6,500. The
ductwork and controls cost $2,000 installed.
The storage bin can be built and filled for
less than $1000; water tank, plumbing installfor less than $500. Total cost is $10,000.00.
When the cost of the solar heating system is
added to a 25 year, 8% interest mortgage, the
additional yearly house payment is $937 per
year for the $10,000 system, or $1,686 per
year for the $18,000 system.
The $18,000 system is more suitable for con
verting existing homes to solar heated homes,
while the $10,000 figure is applicable for new
construction. The following economic analysis
is based on the $10,000 system.
At this time, the average heating costs for
the Akron area are:

(80% solar heated)
Solar heat meets needs all but December,
January and February. The solar heat avail
able for each month was calculated according
to the following formula:
Insolation (Btu/day/ft2) x No. of Days
x 900 ft2 x 50%
Solar use for domestic hot water is not in
cluded in this table. This system would fill
most of the hot water needs during late spring,
summer, and early fall. The savings from the
hot water system easily make up for the
electricity used in operating the blower.
7.

This cost can be greatly reduced by construc
ting the collector on the construction site,
as previously shown. The higher roof angle
would not increase the cost of the basic con
struction job because half of the roof does

COST AND ECONOMICS

If the system is built using commercial unit
ized collectors, the cost is about $20 for
each square foot of collector area. For the
house analyzed in this paper, the cost is
$18,000.

Electricity
Natural Gas

3.56/kWh
1.08C/kWh
($2.50/1000 cubic feet)

Fuel Oil

1.46/kWh (45d/gallon)

The above equivalent kilowatt hour figures in
clude a 25% markup to cover furnace ineffici
encies.
These costs have been increasing at
a rate greater than 10% in the past few years.
As calculated earlier, the total heating need
for the house was 118 x 106 Btu/year, or
34,500kWh. The solar heating system saved
96.5 x 106 Btu/year, or 28,200 kWh. For dif"
ferent energy sources this amounts to:
Amount saved/year
Electricity
Oil
Gas
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$1200/yr
$ 483/yr
$ 373/yr

$ 990
$ 400
$ 300

8.

CONCLUSION

APPENDIX

Solar heating system is a financially viable

R-Factor
R- factor is a measure of the ability of a
material to resist heat transfer. The higher
the R value is, the better the material acts
as an insulator.

alternative to electric, gas, or oil heating
systems even in extremely cold regions like
Ohio. The scientists should promote design
and construction of simple solar heating sys
tems for private homes in these areas.
9.

The following chart shows typical R values
for common types of insulation.
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tenth
Jan.
Feb.
Mar.
Apr.
May
June
July
Aug.
Sept.
Oct.
Nov.
Dec.

Average
Temperature
27.0
27.4
36.5
47.9
59.0
68.4
72.3
70.6
64.3
52.8
40.6
30.2

72°
AT
45°
44.6°
35.5°
24.1°
13.0°
3.6°
1.4°
7.7°
19.2°
31.4°
41.8°

R-Value

Heat Required
Btu/hr. x 103

Heat Required
Btu x 103

27.44
27.2
21.65
14.7
7.93
2.2
.85
4.7
11.71
19.15
25.49

20,415
18,275
16,105
10,580
5,898
1,580
635
3,380
8,710
13,785
18,963
113,323

635

Solar
Btu x 103
16,461
14,868
16,461
15,930
26,500
25,650
26,500
26,500
25,650
26,500
15,930
16,461

4.00
5.00
6.25
8.00
10.00
12.50
7.00
11.00
4.00
8.00
0.45

Used Solar
Btu x 103
12,350
11,150
16,105
10,580
5,898
1,580
635
3,380
8,710
13,785
12,350
96,523
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